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(57) ABSTRACT 

Disclosed is a technique for increasing the shelf life of 
devices, such as OLED Which requires hermetic sealing 
from moisture and oxygen With out increasing the bonding 
Width. In one embodiment, the permeation path of moisture 
or oxygen is increased Without increasing the bonding 
Width. This is achieved by using a grooved interface 
betWeen the cap and substrate on Which the components of 
the device are formed. The grooved interface can comprise 
various geometric shapes. 
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SEALING FOR OLED DEVICES 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to encap 
sulating or sealing of OLED devices. 

BACKGROUND OF THE INVENTION 

[0002] FIG. 1 shoWs an OLED device 100 Which serve, 
for example, as a display in various types of consumer 
electronic products, including cellular phones, cellular smart 
phones, personal organizers, pagers, advertising panels, 
touch screen displays, teleconferencing and multimedia 
products, virtual reality products, and display kiosks. 

[0003] The OLED device comprises a functional stack 
formed on a substrate 101. The functional stack comprises of 
one or more organic functional layers betWeen tWo conduc 

tive layers Which serve as electrodes (cathode and anode). 
The conductive layers are patterned to form roWs of cath 
odes in a ?rst direction and columns of anodes in a second 
direction. OLED pixels are located Where the cathodes and 
anodes overlap. Charge carriers are injected through the 
cathodes and anodes via bond pads 150 for recombination in 
the functional layers. The recombination of the charge 
carriers causes the functional layer of the pixels to emit 
visible radiation. 

[0004] The device is encapsulated With a cap 160, sealing 
pixels. OLED devices require hermetic sealing since the 
active components, such as the cathode, are adversely 
impacted by moisture and oxygen. Typically, an epoxy based 
adhesive is used to bond the cap to the substrate. HoWever, 
epoxy based adhesive can be penetrated by oxygen and 
moisture. The penetration path of the oxygen and moisture 
is along the interface 180 of the cap and substrate. The 
length of the penetration path is de?ned by the bonding 
Width W. The rate of penetration of oxygen and moisture Q 
depends on the bonding thickness T and W. The rate Q is 
directly related to the bonding thickness T and inversely 
related to the bonding Width W. Since there is a limit to hoW 
much the bonding thickness can be reduced, extending the 
shelf life of the OLED device is achieved by lengthening the 
penetration or permeation path Which corresponds to 
increasing the bonding Width. Increasing the bonding Width 
undesirably increases the dimension of the device unneces 
sarily. 

[0005] As evidenced from the foregoing discussion, it is 
desirable to provide improved sealing of OLED device 
Without unnecessarily increasing its dimensions. 

SUMMARY OF THE INVENTION 

[0006] The invention relates to improved sealing of 
devices, particularly those Which are require protection from 
moisture and oxygen such as OLEDs. In one embodiment, 
the permeation path of oxygen and moisture is increased 
With out increasing the bonding Width of the device by 
providing a geometrically shaped grooved interface betWeen 
the cap and substrate. The grooved interface can comprise 
various shapes, such as a triangular, rectangular, spherical, 
or a combination thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 shoWs a conventional OLED device; 

[0008] FIG. 2 shoWs an OLED device in accordance With 
one embodiments of the invention; 

[0009] FIGS. 3-5 shoW various geometric shaped bonding 
interfaces in accordance With different embodiments of the 
invention; and 

[0010] FIG. 6 shoWs another embodiment of an OLED 
device. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0011] FIG. 2 shoWs a portion of an OLED device 200 in 
accordance With one embodiment of the invention. As 
shoWn, the OLED device comprises active components in 
the active region 205 of a substrate 201. In one embodiment, 
the substrate comprises a transparent substrate, such as 
glass. Other types of transparent materials that can serve as 
a substrate to support the OLED active components are also 
useful. Non-transparent substrates can also be used, for 
example, With applications in Which radiation is visible 
through a cap 260. 

[0012] The active components typically comprise one or 
more organic layers 110 sandWiched betWeen ?rst and 
second electrodes 105 and 115. The electrodes can be 
patterned to form pixelated, segmented, or other types of 
devices. In one embodiment, the ?rst electrode(s) 105 are 
anode(s) and the second electrode(s) 115 are cathode(s). 
Forming ?rst electrodes that are cathodes and second elec 
trodes that are anodes is also useful. Bond pads or electrical 
contacts 150 are electrically coupled to the cathodes and 
anodes. 

[0013] In accordance With the invention, an interface 280 
of a cap 260 and the substrate comprises a geometric shaped 
formed by one or more grooves 285. Preferably, the interface 
is formed using less than or equal to 5 grooves. Providing a 
geometrically shaped interface betWeen the cap and sub 
strate effectively increases the permeation path for oxygen 
and moisture Without increasing the actual bonding Width of 
the cap or dimensions of the OLED device. 

[0014] In one embodiment, the geometric shape comprises 
a triangular shape. Using a triangular shape With having 
sides With length C, the effective Width is equal to 2C While 
the actual Width is equal to A, Where A<2C. Thus using the 
geometrically shaped grooves, the permeation path can be 
lengthened Without lengthening the actual bonding Width. 

[0015] As shoWn in Table 1, results of theoretical calcu 
lations based on the equation 1 beloW has shoWn that the 
present invention resulted in increased shelf life Without 
increasing the actual bonding Width. The calculations in 
table 1 are based on the assumption that the grooves are 
triangular in shape With D equal to 0.5 mm. 

(Equation 1) 

[0017] Q=the amount of Water penetration; 

[0018] AR=cross section of the exposed area (bond 
ing thickness T><W, Where W=to effective bonding 
Width or length of permeation path); 
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[0019] T=Bonding thickness 

[0020] P=the permeability of Water vapor transmis 
sion rate (0.75 gmm/m2.day for epoxy); 

[0021] SL=the shelf life; 

[0022] 6p=the partial pressure (assuming a constant) 

TABLE 1 

Effective Actual 
Permeation Bonding Bonding 
Path Width Thickness Number of Width 

(mm) (mm) Grooves (mm) Improvement 

35 0.5 35 7 5 
25 0.36 25 5 5 
20 0.28 20 4 5 
15 0.21 15 3 5 
3 0.04 3 0.6 5 

[0023] Let’s assume the case Where the bonding thickness 
is 0.21 mm and a 15 mm permeation path is necessary to 
achieve desired shelf life. As indicated in Table 1, using 15 
grooves, the desired shelf life can be achieved With an actual 
bonding Width of only 3 mm. Thus, the present invention 
enables a reduction of the actual bond Width by about 5 
times. 

[0024] Other geometric shapes can also be used to create 
the interface betWeen the substrate and cap. For example, as 
illustrated by FIGS. 3-5, the interface can have a rectangular, 
an elliptical, or a spherical shape. Acombination of different 
geometric shapes can also be employed. 

[0025] The depth D of the groove should not adversely 
affect the structural integrity of the substrate. In one embodi 
ment, the D is less than TS and more preferably D is less 
than 1/2 TS, Where TS is the thickness of the substrate. For 
eXample, the depth of a groove is about 0.5 mm for a 1.1 mm 
thick substrate. If triangular grooves are used, the Width of 
a triangular groove is about 0.2 mm and the length of the 
sides is about 0.509 mm. This produces a permeation path of 
1.1 mm With an actual Width of only 2 mm, Which is about 
a ?ve folds increase over non-grooved interfaces. For rect 
angular grooves, the male groove is about 0.15 mm in Width 
While the female groove is about 0.2 mm Wide. 

[0026] As discussed previously, the bonding thickness T 
impacts the permeability rate of moisture. The smaller the T, 
the sloWer the permeability rate. As such, it is desirable to 
have as small a T as possible. Furthermore, to ensure that 
that the modulation of the grooves produces an increase in 
the permeation path, the bonding thickness T is at least 
smaller than D. In a preferred embodiment, T<<D. In one 
embodiment, T is less than or equal to 0.14 the actual Width 
A of a groove. 

[0027] FIG. 6 shoWs a portion of a substrate 701 in 
accordance With one embodiment of the invention. The 
substrate is processed, for eXample, to include active com 
ponents in the active region 205. In one embodiment, the 
active components comprise OLEDs. The OLEDs can be 
formed using conventional techniques such as those 
described in, for eXample, Sheats, J. R. et al. Organic 
electroluminescent devices, Science 273, 884-888 (1996), 
Which is herein incorporated by reference for all purposes. 
At the bonding region 761 of the substrate (region Where the 
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cap is bonded to the substrate), at least one groove 285 is 
provided. In one embodiment, the groove is recessed into the 
substrate, creating a “female” groove. A cap 760 Which is 
mounted to the substrate is provided to hermetically seal the 
active components. Where the cap is mounted to the sub 
strate, at least one groove is provided. The groove on the cap 
protrudes from the cap, forming a male groove. The number 
of female grooves on the substrate is equal to the number of 
male grooves on the cap. When the cap is bonded to the 
substrate, the female and male grooves are ?tted together. 
Providing female grooves on the cap and male grooves on 
the substrate is also useful. Typically, the cap is bonded to 
the substrate using conventional adhesives such as epoXy. 
Other types of adhesive can also be used. Alternatively, for 
application Where the active components or materials used 
to form the device are not sensitive to heat, soldering or 
Welding can be used to bond the cap and substrate together. 

[0028] As shoWn, rectangular geometric shaped grooves 
are used. Tapered or triangular shaped grooves can be used 
to, for eXample, facilitate alignment. Other geometrically 
shaped grooves or a combination of different geometrically 
shaped grooves can also be used. In one embodiment, the 
height H of the male grooves is greater than the depth D of 
the female grooves to create a cavity 145 in the active region 
of the device. 

[0029] The substrate and cap, in one embodiment, com 
prise glass. Other materials, such as metal, ceramic, plastics, 
can also be used. It is not necessary that the substrate and cap 
be formed from the same material. Conventional techniques 
are used to form the grooves. The technique used, of course, 
Will depend on the material used to form the substrate and 
cap. For eXample, conventional glass cutting and/or etching 
techniques can be used for glass, stamping techniques for 
metals, and embossing techniques for plastics. Other tech 
niques, such as sandblasting, grinding, drilling, saWing, 
other mechanical and resist and etching techniques can be 
employed to form the grooves. Where stamping techniques 
are used, the substrate can be locally heated to soften the 
material to facilitate the stamping process. 

[0030] In an alternative embodiment, a support rim can be 
formed on a cap. The support rim could, for eXample, 
comprise directly or indirectly patternable material. Support 
rims are described in, for eXample, International Patent 
Application titled “Encapsulation of OLED Devices” (attor 
ney docket number 99E5737SG), Which is herein incorpo 
rated by reference for all purposes. The grooves are formed 
on the surface of the support rim that contacts the substrate. 
The grooves, for eXample, are formed using lithographic 
techniques using resist and Wet etching. Dry etching can also 
be used. Depending Whether the substrate is formed from a 
more ductile material or not, grooves can be formed in the 
bonding region of the substrate. Alternatively, the support 
rim can be formed on the substrate. 

[0031] For application Where either the cap or substrate is 
more ductile that the other, only the more rigid or harder of 
the tWo needs to be grooved. When the cap is mounted With 
suf?cient pressure, the more ductile material Will conform to 
the shape of the grooves. If a barrier layer is needed for the 
ductile material (e.g., polymeric material), the embossing 
should be performed before the barrier material is formed 
thereon. This is because the barrier material is typically 
brittle and could be damaged by the embossing process. 

[0032] While the invention has been particularly shoWn 
and described With reference to various embodiments, it Will 
be recogniZed by those skilled in the art that modi?cations 
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and changes may be made to the present invention Without 
departing from the spirit and scope thereof. The scope of the 
invention should therefore be determined not With reference 
to the above description but With reference to the appended 
claims along With their full scope of equivalents. 

What is claimed is: 
1. A device comprising: 

a substrate having a bonding region surrounding an active 
region, the active region comprising active compo 
nents; 
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a cap mounted on the substrate for sealing the active 
components of the device, the cap contacts the sub 
strate in the bonding region having a bonding Width W; 
and 

an interface betWeen the cap and the substrate that 
includes at least one geornetrically shaped groove to 
create and effective bonding Width EW Which is greater 
then W. 


